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400

Output first current to node in response to transmission current, in which
node is connected to input terminal of programmable gain amplifier circuit | _—~g410
via gain control circuit, and gain control circuit is configured to set gain of

programmable gain amplifier circuit

l

Drain echo cancellation current from node L8420

l

Output second current to node in response to transmission current, in -~ | _~" §430
which summation of first current and second current is approximate to
echo cancellation circuit

Fig. 4
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FEED FORWARD ECHO CANCELLATION
DEVICE AND ECHO CANCELLATION
METHOD

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present disclosure relates to an echo cancellation
device, especially to a feed forward echo cancellation device
that is applied to an Ethernet network device, and an echo
cancellation method thereof.

2. Description of Related Art

In a full duplex communication system, a communication
device can simultaneously transmit and receive signals.
Therefore, the signal received by a receiver in a communi-
cation device may include an echo generated based on a data
signal outputted from a local transmitter and a data signal
from another communication device. In order to correctly
obtain data signals from another communication device, an
echo cancellation device can be implemented to reduce the
impact of echoes. In some related approaches, a mismatch
may exist between a compensation signal generated by the
echo cancellation device and the echo in high frequency
bands, such that the compensation signal cannot effectively
reduce the impact of the echo. On the other hand, in those
approaches, the echo cancellation device eliminates echoes
by summing up the compensation signal and the signal
outputted from a programmable gain amplifier in the com-
munication device. However, when the communication
device adjusts the gain of the programmable gain amplifier
according to the operating state, the echo cancellation device
is not adjusted accordingly, such that the compensation
signal may not be able to effectively reduce the impacts of
the echo.

SUMMARY OF THE INVENTION

In some aspects of the present disclosure, a feed forward
echo cancellation device includes a first impedance circuit,
a second impedance circuit, and an echo cancellation current
generator circuit. The first impedance circuit is configured to
output a first current to a node in response to a transmission
current. The second impedance circuit is configured to
output a second current to the node in response to the
transmission current. The echo cancellation current genera-
tor circuit is configured to drain an echo cancellation current
from the node, in which the node is connected to an input
terminal of a programmable gain amplifier circuit via a gain
control circuit, and the gain control circuit is configured to
set a gain of the programmable gain amplifier circuit.

In some aspects of the present disclosure, an echo can-
cellation method includes the following operations: output-
ting a first current to a node in response to a transmission
current, wherein the node is connected to an input terminal
of a programmable gain amplifier circuit via a gain control
circuit, and the gain control circuit is configured to set a gain
of the programmable gain amplifier circuit; draining an echo
cancellation current from the node; and outputting a second
current to the node in response to the transmission current,
in which a summation of the first current and the second
current is approximate to the echo cancellation current.

These and other objectives of the present disclosure will
no doubt become obvious to those of ordinary skill in the art
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after reading the following detailed description of the pre-
ferred embodiments that are illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic diagram of a near end com-
munication device according to some embodiments of the
present disclosure.

FIG. 2 shows a schematic diagram of the frequency
responses of the first current, the second current, and the
echo cancellation current in FIG. 1 according to some
embodiments of the present disclosure.

FIG. 3 shows a schematic diagram of the feed forward
echo cancellation device and the amplifier in FIG. 1 accord-
ing to some embodiments of the present disclosure.

FIG. 4 shows a flow chart of an echo cancellation method
according to some embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The terms used in this specification generally have their
ordinary meanings in the art and in the specific context
where each term is used. The use of examples in this
specification, including examples of any terms discussed
herein, is illustrative only, and in no way limits the scope and
meaning of the disclosure or of any exemplified term.
Likewise, the present disclosure is not limited to various
embodiments given in this specification.

In this document, the term “coupled” may also be termed
as “electrically coupled,” and the term “connected” may be
termed as “electrically connected.” “Coupled” and “con-
nected” may mean “directly coupled” and “directly con-
nected” respectively, or “indirectly coupled” and “indirectly
connected” respectively. “Coupled” and “connected” may
also be used to indicate that two or more elements cooperate
or interact with each other. In this document, the term
“circuit” may indicate an object, which is formed with one
or more transistors and/or one or more active/passive ele-
ments based on a specific arrangement, for processing
signals.

As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
Although the terms “first,” “second,” etc., may be used
herein to describe various elements, these elements should
not be limited by these terms. These terms are used to
distinguish one element from another. For example, a first
element could be termed a second element, and, similarly, a
second element could be termed a first element, without
departing from the scope of the embodiments. For ease of
understanding, like elements in various figures are desig-
nated with the same reference number.

As used herein, “substantially”, “approximate to” or
“equal to” shall generally mean within 20 percent, prefer-
ably within 10 percent, and more preferably within 5 percent
of'a given value or range. Numerical quantities given herein
are approximate, meaning that the term “substantially”,
“approximate to” or “equal to” can be inferred if not
expressly stated.

FIG. 1 shows a schematic diagram of a near end com-
munication device 10 according to some embodiments of the
present disclosure. In some embodiments, the near end
communication device 10 may be, but not limited to, an
Ethernet network device. For example, the near end com-
munication device 10 may be a part device in the Ethernet
interface controller. The near end communication device 10
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may include a transmitter circuit 11, a receiver circuit 12, a
transmission current generator circuit 13, a feed forward
echo cancellation device 14, an amplifier 15, and a control
circuit 16.

The transmitter circuit 11 is configured to transmit a data
signal SD to a far end communication device 20 via a cable
30. The transmission current generator circuit 13 is config-
ured to generate a transmission current I .. In some embodi-
ments, the transmission current generator circuit 13 may be,
but not limited to, a current digital to analog converter
circuit, which is configured to convert information transmit-
ted from the near end communication device 10 into the
transmission current I, As a result, the transmitter circuit
11 may generate a data signal SD according to the trans-
mission current 1. The receiver circuit 12 may receive a
data signal from the far end communication device 20 via
the cable 30. During a progress of receiving signals, the
receiver circuit 12 may receive the data signal SD generated
from the transmitter circuit 11, which makes the near end
communication device 10 be affected by echo and produce
nonlinear distortion. The feed forward echo cancellation
device 14 may be configured to generate currents (e.g., the
current I, and the echo cancellation current I .. as discussed
below), in order to reduced impacts from echo.

In greater detail, the feed forward echo cancellation
device 14 includes an impedance circuit 141, an impedance
circuit 142, and an echo cancellation current generator
circuit 143. The impedance circuit 141 may provide an
impedance (e.g., resistor R1 in FIG. 3), and the resistance
value of the impedance makes an equivalent input imped-
ance be equal to (or approximate to) an impedance of a path
for the near end communication device 10 transmitting
signals to the far end communication device 20. The imped-
ance circuit 141 generates a current [, to a node N1 (labeled
with “plus™) in response to the transmission current I, x. In
other words, by utilizing the impedance circuit 141, the
current I, is generated to simulate the echo received by the
receiver circuit 12. The impedance circuit 142 generates a
current I, to the node N1 (labeled with “plus”) in response
to the transmission current I,x. The echo cancellation cur-
rent generator circuit 143 is configured to drain the echo
cancellation current 1. from the node N1 (labeled as
“minus”). In some embodiments, the echo cancellation
current generator circuit 143 may operate as a current source
circuit, which is coupled between the node N1 and ground
to drain the echo cancellation current I~ from the node N1.
In some embodiments, the echo cancellation current gen-
erator circuit 143 may be a current digital to analog con-
verter circuit, which is controlled by the control circuit 16 to
set the echo cancellation current I or a ratio of transmis-
sion current [,

Furthermore, as shown in FIG. 1, data received by the
receiver circuit 12 (labeled as the data signal SI) is trans-
mitted to the amplifier 15 via the node N1. As a result, the
amplifier 15 may amplify the data signal SI, in order to
provide the amplified signal to subsequent circuit(s) (which
may be, for example, the control circuit 16) for subsequent
data processing. The data signal SI, the current I, the current
1, and the echo cancellation current I, are summed up at the
node N1 and then are transmitted to the amplifier 15.
Accordingly, if a summation of the current I, the current 1,,
and the echo cancellation current [ is equal to (or approxi-
mate to) 0, the current I, the current I,, and the echo
cancellation current I are cancelled with each other at the
node N1, such that the amplifier 15 receives the data signal
SI that is less affected by echoes. As a result, the amplifier
15 is able to generate more accurate data signal. In other
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4

words, as the current I, is substantially equals to the echo, if
the summation of the current I,, the current I,, and the echo
cancellation current I is equal to (or approximate to) 0, it
indicates that the echo can be canceled (or reduced), such
that the near end communication device 10 is able to read the
received data more accurately. Regarding the corresponding
relation among the current I, the current I,, and the echo
cancellation current I will be described with reference to
FIG. 2.

The amplifier 15 includes a gain control circuit 150 and a
programmable gain amplifier circuit 152. The gain control
circuit 150 may set a gain of the programmable gain
amplifier circuit 152 according to the control of the control
circuit 16. In some embodiments, the gain control circuit
150 may be an AC coupling circuit, but the present disclo-
sure is not limited thereto. In some embodiments, the gain
control circuit 150 may be part of the feedback network in
the programmable gain amplifier circuit 152. The node N1
is connected to the programmable gain amplifier circuit 152
via the gain control circuit 150. The control circuit 16
analyzes a system convergence indicator according to output
signal(s) of the programmable gain amplifier circuit 152, in
order to determine whether to adjust the gain control circuit
150 to set the gain of the programmable gain amplifier
circuit 152. In some embodiments, the system convergence
indicator may include, but not limited to, the power of the
echo, a signal-to-noise ratio, and so on.

In some embodiments, the control circuit 16 may include,
but not limited to, an analog to digital convertor (not shown
in FIG. 1) and a digital signal processor circuit (not shown
in FIG. 1). The analog to digital converter circuit may
converter the output signal of the programmable gain ampli-
fier circuit 152 to be digital data, and the digital signal
processor circuit may perform a specific algorithm accord-
ing to the digital data to determine the system convergence
indicator.

As shown in FIG. 1, the impedance circuit 141, the
impedance circuit 142, and the echo cancellation current
generator circuit 143 cancel the echo at the node N1 that is
connected to an input terminal of the amplifier 15. In other
words, the impedance circuit 141, the impedance circuit
142, and the echo cancellation current generator circuit 143
may share the gain control circuit 150 and the programmable
gain amplifier circuit 152. Under this condition, when the
control circuit 16 adjusts the gain of the amplifier 15
according to the current operating state, the frequency
response of each of the impedance circuit 141, the imped-
ance circuit 142, and the echo cancellation current generator
circuit 143 can be adjusted together. As a result, the current
1,, the current I,, and the echo cancellation current 1. can
be adjusted accordingly to achieve a better echo cancella-
tion.

FIG. 2 shows a schematic diagram of the frequency
responses of the current I,, the current I,, and the echo
cancellation current I;- in FIG. 1 according to some
embodiments of the present disclosure. In some embodi-
ments, a current outputted from the gain control circuit 150
(hereinafter referred to as “current IPGA™) can be divided by
a corresponding current can be divided to calculate the gain,
in order to obtain the frequency response of that correspond-
ing current. For example, the gain of the current I, may be
expressed as IPGA/I;, the gain of the current 1, may be
expressed as IPGA/L,, and the gain of the current I may be
expressed as IPGA/I ;..

As mentioned above, the current I, may be considered as
echo. The echo cancellation current I~ may be employed to
cancel the current I, at the node N1, in order to reduce the
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impacts from echo. Ideally, the echo cancellation current I~
should be equal to or approximate to the current I,. How-
ever, as the practical impedances of the transmission paths
may be different, a mismatch between the current [, and the
echo cancellation current I, exists in high frequency bands,
which causes the echo cancellation current 1. to be not
equal to or not approximate to the current I,. The impedance
circuit 142 is able to provide the current I, to the node N1,
in order to compensate the energy mismatch in high fre-
quency bands. That is, the summation of the current I, and
the current I, may be substantially approximate to or equal
to the echo cancellation current I~ (which may be
expressed as: [, +L,=[;.).

FIG. 3 shows a schematic diagram of the feed forward
echo cancellation device 14 and the amplifier 15 in FIG. 1
according to some embodiments of the present disclosure. In
this example, the impedance circuit 141 includes a resistor
R1, which may output the transmission current I,,-to be the
current [;. A terminal of the resistor R1 and the echo
cancellation current generator circuit 143 are coupled to the
node N1, and the echo cancellation current generator circuit
143 is coupled between the node N1 and ground. As a result,
the echo cancellation current generator circuit 143 may drain
the echo cancellation current 1. from the node N1. The
impedance circuit 142 may include a resistor RF and a
capacitor CF. The resistor RF and the capacitor CF form a
high-pass signal path, in order to generate the current I, in
response to the transmission current I,. In some embodi-
ments, the capacitor CF may be a capacitive network or a
capacitor array network, which may control the capacitance
value of the capacitor CF according to the control of the
control circuit 16. In some embodiments, the resistor RF and
the capacitor CF may be configured to set the bandwidth of
the high-pass signal path. For example, the product of values
of the resistor RF and the capacitor CF may determine a
corner frequency of the current I, in FIG. 2.

In this example, the impedance circuit 141 may be
directly coupled to the node N1, in order to transmit the
current I, to the node N1. The impedance circuit 142 may be
directly coupled to the node N1, in order to transmit the
current I, to the node N1. Similarly, the echo cancellation
current generator circuit 143 may be directly coupled to the
node N1, in order to drain the echo cancellation current I~
from the node N1 to ground. In other words, the current I,
the current I,, and the echo cancellation current I can be
summed up at the node N1. As shown in FIG. 1, the current
1, and the current I, flow into the node N1, and the echo
cancellation current I flows out the node N1. Under this
condition, the summation of the current I, the current I,
and the echo cancellation current I can be expressed as:
I, +1,-1;~0.

Moreover, the node N1 is further connected to the input
terminal of the programmable gain amplifier circuit 152 via
the gain control circuit 150. The gain control circuit 150 may
be, for example but not limited to, an AC coupling circuit
(which may be a DC coupling circuit in some other embodi-
ments), which includes a capacitor C1 and a capacitor C2.
The capacitor C1 is coupled between the node N1 and the
input terminal of the programmable gain amplifier circuit
152. The capacitor C2 is coupled between the node N1 and
ground. In some embodiments, each of the capacitor C1 and
the capacitor C2 may be a switched-capacitor circuit or a
capacitive network. The equivalent capacitance value of the
gain control circuit 150 may be determined with the capaci-
tor C1 and the capacitor C2. As mentioned above, the data
signal SI may be transmitted to the programmable gain
amplifier circuit 152 via the node N1 and the gain control
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circuit 150. Therefore, if the capacitance value of the capaci-
tor C1 is higher, the corresponding AC impedance is lower,
which increases the power or energy of the data signal SI
being transmitted to the programmable gain amplifier circuit
152 via the gain control circuit 150. As a result, the gain of
the programmable gain amplifier circuit 152 is increased.
Alternatively, if the capacitance value of the capacitor C1 is
lower, the corresponding AC impedance is higher, which
reduces the power or energy of the data signal SI being
transmitted to the programmable gain amplifier circuit 152
via the gain control circuit 150. As a result, the gain of the
programmable gain amplifier circuit 152 is lower.

In some embodiments, the amplifier 15 further include a
feedback network, which may adjust the gain and/or the
frequency response of the programmable gain amplifier
circuit 152. For example, the amplifier 15 includes a feed-
back network 154, which is coupled between the input
terminal and the output terminal of the programmable gain
amplifier circuit 152. The feedback network 154 includes a
variable resistor RFB and a capacitor CFB. The variable
resistor RFB may adjust its resistance value based on the
control of the control circuit 16, in order to cooperate with
the gain control circuit 150 to set the gain of the program-
mable gain amplifier circuit 152 or to set the frequency
response of the programmable gain amplifier circuit 152.

The arrangements of FIG. 3 are given for illustrative
purposes, and the present disclosure is not limited thereto.
Various arrangements able to share the same gain control
circuit and the feed forward echo cancellation mechanism of
the programmable gain amplifier circuit are within the
contemplated scope of the present disclosure.

FIG. 4 shows a flow chart of an echo cancellation method
400 according to some embodiments of the present disclo-
sure. In some embodiments, operations in FIG. 4 may be, but
not limited to, performed by the feed forward echo cancel-
lation device 14 in FIG. 1.

In operation 5410, a first current (e.g., the current 1)) is
outputted to a node (e.g., the node N1) in response to a
transmission current (e.g., the transmission current [,), in
which the node is connected to an input terminal of a
programmable gain amplifier circuit (e.g., the programmable
gain amplifier circuit 152) via a gain control circuit (e.g., the
gain control circuit 150), and the gain control circuit is
configured to set the gain of the programmable gain ampli-
fier circuit.

In operation 5420, an echo cancellation current (e.g., the
current 1) is drained from the node.

In operation 5430, a second current (e.g., the current 1,)
is outputted to the node in response to the transmission
current, in which a summation of the first current and the
second current is approximate to the echo cancellation
current.

The above operations can be understood with reference to
the above various embodiments, and thus the repetitious
descriptions are not further given. The above description of
the echo cancellation method 400 includes exemplary opera-
tions, but the operations of the echo cancellation method 400
are not necessarily performed in the order described above.
Operations of the echo cancellation method 400 can be
added, replaced, changed order, and/or eliminated, or the
operations of the echo cancellation method 400 can be
executed simultaneously or partially simultaneously as
appropriate, in accordance with the spirit and scope of
various embodiments of the present disclosure.

As described above, the feed forward echo cancellation
device and the echo cancellation method in some embodi-
ments of the present disclosure may be adjusted automati-
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cally during the communication device adjusts its circuit
configuration according to the current operating sate, in
order to achieve a better echo cancellation.

Various functional components or blocks have been
described herein. As will be appreciated by persons skilled
in the art, in some embodiments, the functional blocks will
preferably be implemented through circuits (either dedicated
circuits, or general purpose circuits, which operate under the
control of one or more processors and coded instructions),
which will typically comprise transistors or other circuit
elements that are configured in such a way as to control the
operation of the circuitry in accordance with the functions
and operations described herein. As will be further appre-
ciated, the specific structure or interconnections of the
circuit elements will typically be determined by a compiler,
such as a register transfer language (RTL) compiler. RTL
compilers operate upon scripts that closely resemble assem-
bly language code, to compile the script into a form that is
used for the layout or fabrication of the ultimate circuitry.
Indeed, RTL is well known for its role and use in the
facilitation of the design process of electronic and digital
systems.

The aforementioned descriptions represent merely the
preferred embodiments of the present disclosure, without
any intention to limit the scope of the present disclosure
thereto. Various equivalent changes, alterations, or modifi-
cations based on the claims of the present disclosure are all
consequently viewed as being embraced by the scope of the
present disclosure.

What is claimed is:

1. A feed forward echo cancellation device, comprising:

a first impedance circuit configured to output a first

current to a node in response to a transmission current;

a second impedance circuit configured to output a second

current to the node in response to the transmission
current; and

an echo cancellation current generator circuit configured

to drain an echo cancellation current from the node,

wherein the node is connected to an input terminal of a

programmable gain amplifier circuit via a gain control
circuit, the gain control circuit is configured to set a
gain of the programmable gain amplifier circuit, and a
bandwidth of the second impedance circuit is con-
trolled based on an output of the programmable gain
amplifier circuit.

2. The feed forward echo cancellation device of claim 1,
wherein the first current, the second current, and the echo
cancellation current are canceled with each other at the node.

3. The feed forward echo cancellation device of claim 1,
wherein a summation of the first current and the second
current is equal to the echo cancellation current.

4. The feed forward echo cancellation device of claim 1,
wherein the first impedance circuit, the second impedance
circuit, and the echo cancellation current generator circuit-
are directly coupled to the node.

5. The feed forward echo cancellation device of claim 1,
wherein the gain control circuit is an AC coupling circuit or
a DC coupling circuit.
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6. The feed forward echo cancellation device of claim 1,
wherein the second impedance circuit comprises a resistor
and a capacitor, and the resistor and the capacitor are
configured to set a corner frequency of the second current.

7. The feed forward echo cancellation device of claim 1,
wherein the echo cancellation current generator circuit is a
current digital to analog converter circuit.

8. The feed forward echo cancellation device of claim 1,
wherein the gain control circuit is adjusted based on a
system convergence indicator, in order to set the gain or a
ratio of the transmission current.

9. The feed forward echo cancellation device of claim 1,
wherein the node is further configured to receive a data
signal, and transmit the data signal to the programable gain
amplifier circuit.

10. The feed forward echo cancellation device of claim 1,
wherein a transmitter of a near end communication device
transmits a signal to a far end communication device via a
path according to the transmission current, and the first
impedance circuit is configured to provide an impedance
having a resistance value corresponding to an impedance of
the path.

11. An echo cancellation method, comprising:

outputting a first current to a node in response to a

transmission current, wherein the node is connected to
an input terminal of a programmable gain amplifier
circuit via a gain control circuit, and the gain control
circuit is configured to set a gain of the programmable
gain amplifier circuit;

draining an echo cancellation current from the node; and

outputting a second current to the node in response to the

transmission current, wherein a summation of the first
current and the second current is approximate to the
echo cancellation current, wherein the second current is
outputted from a second impedance circuit, and a
bandwidth of the second impedance circuit is con-
trolled based on an output of the programmable gain
amplifier circuit.

12. The echo cancellation method of claim 11, wherein the
first current, the second current, and the echo cancellation
current are canceled with each other at the node.

13. The echo cancellation method of claim 11, wherein a
summation of the first current and the second current is equal
to the echo cancellation current.

14. The echo cancellation method of claim 11, wherein the
first current, the second current, and the echo cancellation
current are directly transmitted to the node.

15. The echo cancellation method of claim 11, wherein the
gain control circuit is an AC coupling circuit or a DC
coupling circuit.

16. The echo cancellation method of claim 11, wherein the
first current is outputted from a first impedance circuit, a
transmitter of a near end communication device transmits a
signal to a far end communication device via a path accord-
ing to the transmission current, and the first impedance
circuit is configured to provide an impedance having a
resistance value corresponding to an impedance of the path.

#* #* #* #* #*



